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his case history documents a rub 

1 during a recent startup of a steam 

turbine driven centrifugal com- 

pressor train. A major overhaul had 

been completed on the machine, and 

Bently Nevada was commissioned to 
document the startup. 

During startup, overall vibration levels 
at bearing **4 increased significantly at 
approximately 9,800 rpm. The overall 
unfiltered vibration level was 2.0 mils (51 
um) peak-to-peak (Figure 2). Plant per- 
sonnel were concerned that the vibra- 
tion levels would continue to increase as 
the machine was brought up to its nor- 
mal operating speed of 12,000 rpm. 

The majority of the vibration occurred 
at 2X operating speed. The 2X ampli- 
tude fluctuated between 0.40 and 1.5 
mils (10 um and 38 um) peak-to-peak. 
The 2X phase was fluctuating approx- 
imately 207. The unsteady nature of this 
component provided a clue thar a rub 
might be occurring. The first balance 
resonance of the compressor had been 
previously determined to be at approx: 
imately 6,500 cpm. Bently Nevada per- 
sonnel speculated that a slight rub was 
occurring which was exciting the second 
balance resonance. At this point, there 
was no way to know what the second 
balance resonance was as it OCCurs 
above the operating speed of the 
machine. 

Often, rubs will not clear themselves 
as the speed increases. Therefore, the 
speed of the machine was not directly 
increased. The speed was lowered to 
minimum governor and then increased 
to 12,000 rpm. There was no further 
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evidence of the rub during this speed 


increase. The rub probably occurred at a 
newly-installed seal. 


Further analysis indicated that this 
theory was correct. Often, if there is sig- 
nificant nX activity, where n is a multiple 
of the machine speed, the transient data 
can be filtered at nX to find any reso- 
nances which exist at these frequencies 
while the machine is operated at 1/n th 
of this speed. This neglects gyroscopic 
effects on the stiffness of the rotor which 
have an effect on the frequency of the 
observed balance resonance. Gvyro- 
scopic stiffening tends to stiffen the 
rotor for forward whirl modes. This 
raises the balance resonance and rends 
to. soften the rotor for backward whirl 
modes, which lowers the balance 
resonance, 

The vibration data had been recorded 
on tape. The taped shutdown data was 
sampled on the 108 Data Acquisition 
Instrument (108 DAI), with the 108's 
tracking filter set to track the 2X running 
speed component. The objective of 
reducing this data was to determine the 
approximate second balance resonance 
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of the compressor rotor. The 2X ampli- 
tude and phase were tracked through 
the frequency range of interest (18,000 
cpm to 24,000 cpm). Figure 3 illustrates 
a balance resonance at 19,100 cpm 
(actually slightly lower than the actual 
balance resonance because of gyro- 
scopic effects). 

The observed rub illustrates a Normal/ 
Tight Mathieu type rub. The effect of the 
rub is to increase the net time-averaged 
spring constant of the rotor system sub- 
stantially during the portion of the cycle 
that the rub occurs. This increases the 
average spring constant of the rotor sys- 
rem to a higher value. This tends to raise 
the rotor resonant speed by rhe factor: 
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At 9,800 rpm, the 2X component at 
this speed would be 19,600 cpm. The 
abserved rub effectively stiffened the 
system and moved the approximate sec- 
ond balance resonance from 19,100 cpm 
to coincide with the 2X component of 
19,600 cpm. 


Machine train rotation and probe orientation are 


Figure 1 
Machine train layout 
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Machine: COMPRESSUR A 
Direct Amplitude: 1.33 mil pp 
Machine: COMPRESSOR hh 
Direct fmplitude: 1.31 mil pp 
03 JUM 33 18:53:34.5 Steady State — Uncomp 


Chi B 4UD (COMP & SUC UER) 9G deg. 
Cha 7 4HD (CDMP & SUC HOUR) 98 deg. Right 





0.20 nil 7div CCU Rotation 9804 rpm 5.8 mz/dlv 


Figure 2 
Orbit during rub 


Hachins: COMPRESSZIHR B Che 4 COMP SUC UER 
SR: 0.38 9 17 506 rpm 
83 JuH "7 11:860:00.0 to 83 RUM "3 11:02:14.5. Sbatdcowm ZX Filtered Comp 





1.0 mil pp Full Scale ina CCU Rotation 


Hachine: CÜMPEESSOR A 
SE: 0.380 4 17 Sob rpa 
ü3 JuH 93 11:08:00.8 tao &3 JUM 33 11:02:14.5 SThetdoun ZX Filtered Comp 


Cha 4 COP SIMS UER (solid lime) 


Hachime: COMPRESSUR A Cha 4 COMP SUC UER (dashed line? 
GC qum 93 11:08:00.8 to G3 JUM "CI 11:02:14.5 Shutdown Direct 


10.68 13.33 15.67 28.08 23.33 2b.5? 30.88 


Fhs Lag,Deg 





Conclusion 

This case history shows the effects of a 
fairly minor rub. It also illustrates the 
effective use of order tracking to approx- 
imate the frequency of a balance reso- 
nance above the operating speed of a 
machine. This case history also shows 
how this second balance resonance, or 
any resonance, can be excited by a rub. 
The use of the 108 DAI, with its 1X and 
2X filter, was an important part of the 
diagnosis of this problem. 

The 208 Data Acquisition. Interface 
Unit (DAIU) and ADRE* for Windows, 
which are now available, will allow track- 
ing of 1X, 2X and nX orders. This will 
allow vou to track and study even higher 
order components, such as blade pass 
frequencies.Mi 


Case history contest - for 


ADRE* for Windows users! 
The Orbit will soon publish a 
special issue featuring ADRE* For 
Wündows, and we would like to 
include vour case history. If you 
have a case history that illustrates 
how your new ADRE* System has 
helped vou diagnose and solve à 
| machinery problem, send it to us. 
| It doesn't need to be lengthy. Sub- 
stantiating documentation, in the 
form of ADRE for Windows plots, 
would be helpful. 


Authors of published articles 


will receive a gift of their 
choice, approximate value 

| $100. 

|  Byentering this contest, vou are 
granting Bently Nevada Corpora: 
tion the right to publish the article 
in the Orbit. All case histories must 
be authorized for publication by 
vour Plant Management. Entries 
must be received by July 1, 1994, 
Send them to Mary Sue Matthews, 
Bently. Nevada Corporation, P.O. 





& | 
- | Box 157, Mirxen, Nevada 89423 
10.00 — 13.3 — 16.6? — 20,00 — 23.3 — 25.60 — 3.90 Fax: (702) 782-9357 or call (702) 
eX bom 782-3611 ext. 04935. 
Figure 3 
Coastdown filtered at 2X 
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